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TOLTERODINE, COMPOSITIONS AND USES THEREOF. AND PREPARATION OF 

THE SAME 

The present invention is concerned with tolterodine, compositions and uses thereof, and 
processes of preparing the same. 

Tolterodine, (+) -N,N-diisopropyl-3 -(2-hydroxy-5 -methylphenyl)-3 -phenylpropyl-amine, has 
the following structural formula (I) 




(I) 



Tolterodine is an anticholinergic agent and is known to be particularly useful in the 
treatment of urinary incontinence. The preparation of tolterodine is described in US 
5382600, where the following reaction scheme is followed. 
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(+)Tolterodine tartrate 



[hydrochloride] 



Deprotection by removal of hydroxy protecting groups is achieved according to US 5382600 
by treatment with hydrobromic acid, borontribromide or by catalytic hydrogenation. In the 
case where deprotection is carried out in the presence of pyridine hydrochloride, such 
deprotection is carried out at high temperature (greater than 200°C) and in the absence of a 
solvent. The reaction mass obtained is highly viscous and requires quenching to about 80- 
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90°C before the addition of water. Using such techniques, it has been found that at 100°C, a 
hard mass which cannot be stirred is obtained and which subsequently cannot be quenched. 

A further problem associated with prior art preparation techniques is that dimeric impurities 
are generally associated with tolterodine tartrate prepared thereby, typically at a level of 
approximately 0.15-2%. Typical impurities can be 2-(3-{[3-(2-hydroxy ? 5-methyl-phenyl)-3- 
phenyl-propyl]-isopropyl-amino}-l-phenyl-propyl)-4-methyl-phenol ? and / or (3-{2-[2-(3- 
diisopropylamino- 1 -phenyl-propyl)-4-methyl-phenoxymethoxy]-5-methyl-phenyl}-3-phenyl- 
propyl) -diisopropyl-amine, having the following structural formulae 

Dimer 1 : 
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Dimer 2: 




There is a need, therefore, for the provision of improved processes of preparing tolterodine, 
whereby the above problems encountered by employing prior art techniques can be alleviated 
and a product with improved purity can be obtained. This is now achieved by the present 
invention. 



There is now provided by the present invention racemic tolterodine free base in crystalline 
form, which in turn can allow the preparation of substantially pure (+)tolterodine tartrate. 
The present invention further provides racemic tolterodine free base in crystalline form 
containing less than about 0.2% of dimeric impurity. The dimeric impurity associated with 
tolterodine according to the present invention can be one or both of the following impurities 
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Dimer 1: 




The present invention further provides a process of preparing racemic tolterodine free base in 
crystalline form, which comprises deprotection of protected intermediate [3-(2-niethoxy-5- 
methyl-phenyl)-3-phenyl-propyl]-diisopropylamine of formula (II) 
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(H) 

wherein a solvent is present in the reaction mass obtained further to deprotection and is 
selected so that a substantially mobile reaction mass is achieved at temperatures in the range 
of 70 to 100°C. Protected intermediate [3-(2-methoxy-5-methyl-phenyl)-3-phenyl-propyl]- 
diisopropylamine of formula (II) is prepared by techniques known in the art, namely 
following the reaction scheme given above for US 5382600 and substantially as hereinafter 
described in greater detail in the accompanying Examples. 

Suitably the deprotection is carried out in the absence of solvent and preferably employs 
pyridine hydrochloride, typically under an inert atmosphere at elevated temperatures, suitably 
in the range of 200 to 220°C. Preferably the resulting reaction mass is then cooled to a 
temperature in the range of 110 to 130°C and a solvent is added thereto so as to obtain a 
substantially mobile reaction mass as described above. A preferred solvent is 
dimethylformamide. 

The crude hydrochloride salt of racemic tolterodine present in the resulting reaction mass is 
then basified, typically employing ammonia, and the resulting racemic tolterodine free base is 
extracted and precipitated to provide crystalline racemic tolterodine free base. Preferably, the 
process further comprises a purification step wherein the above obtained racemic tolterodine 
free base in crystalline form is further dissolved in a selected organic solvent and precipitated 
to obtain racemic tolterodine free base in crystalline form containing less than about 0.1% of 
dimeric impurity. A suitable solvent can be an alkane, such as n-hexane. 
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The present invention further provides, therefore, racemic tolterodine free base in crystalline 
form prepared by a process substantially as described herein. Preferably, the present 
invention provides racemic tolterodine free base in crystalline form containing less than about 
0.2% of dimeric impurity. 

The above process preferably further comprises resolving the thus obtained racemic 
tolterodine free base to obtain (+)tolterodine tartrate containing less than about 0.1% of 
dimeric impurity and there is further provided by the present invention (+)tolterodine tartrate 
prepared by the above process. 

According to the present invention racemic tolterodine free base in crystalline form can 
alternatively be prepared as follows. There is further provided by the present invention, 
therefore, a process of preparing racemic tolterodine free base in crystalline form, which 
process comprises deprotection of a benzyl protected intermediate of formula (III) 




(HI) 



where R a can represent unsubstituted benzyl, or may typically represent a suitably substituted 
benzyl protecting group, such as halo or C M alkoxy substituted benzyl. The above process 
may optionally further comprise a further purification step substantially as hereinbefore 
described and additionally may preferably further comprise resolving the thus obtained 
racemic tolterodine free base to obtain (+)tolterodine tartrate containing less than about 0.1% 



WO 2005/061432 



PCT/GB2004/005420 



8 

of dimeric impurity. The present invention thus further provides racemic tolterodine free 
base in crystalline form and / or (+)tolterodine tartrate prepared by the above process. 

Preferably Ra represents unsubstituted benzyl. Typically, the deprotection employs 
hydrogenation suitably in the presence of palladium on carbon. 

An intermediate compound of formula (III) can suitably be prepared by reaction of 
diisopropylamine with an intermediate compound of formula (IV) 




(IV) 



where Ra is as defined above and X represents a suitable leaving group, such as an alkyl or 
arylsulphonyloxy group, preferably tosylate. Typically, the reaction is carried out at a 
temperature in the range of 90 to 130°C, followed by cooling to room temperature and 
concentration under vacuum. 

An intermediate compound of formula (IV) is suitably prepared from an intermediate 
compound of formula (V) 
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(V) 



typically by reaction thereof with an alkyl or aryl sulphonyl halide, such as p-toluene 
sulphonyl chloride. Suitably, a compound of formula (V) and the sulphonyl halide are 
dissolved in respective organic solvents, with the reaction typically being carried out in the 
presence of a base, such as triethyl amine or the like. The sulphonyl halide can be added to a 
compound of formula (V) over an extended time period at room temperature with stirring. 
The organic layer is then separated, washed with acid and neutralised with an appropriate 
base. 

Suitably a compound of formula (V) can be prepared by protection of an intermediate 
compound of formula (VI) 




(vr> 
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by introduction of group R a . Suitably a compound of formula (VI) is dissolved in a suitable 
organic solvent, such as acetone, and a benzyl halide such as for example, benzyl chloride is 
added. Suitable bases for this reaction are carbonates or hydroxides of alkali metals, a 
preferred base being anhydrous potassium carbonate. It is preferable to use a catalyst such as 
potassium iodide. The reaction mixture is suitably refluxed, subsequently cooled, filtered and 
concentrated under vacuum. 

A compound of formula (VI) can suitably be prepared from 6-methyl-4-phenyl-chroman-2- 
one, which is known in the art, for example US 5382600. Typically, sodium borohydride is 
added to 6-methyl-4-phenyl-chroman-2-one, followed by stirring. The reaction mixture is 
then suitably treated with an organic acid, such as acetic acid, followed by concentration 
under vacuum to yield a compound of formula (VI). 

Intermediate compounds of formulae (V) and (VI) represent novel compounds per se and 
these novel intermediates form further aspects of the present invention. 

Tolterodine as provided by the present invention is suitable for use as an anti-cholinergic 
agent and there is provided by the present invention a pharmaceutical composition 
comprising tolterodine as provided by the present invention substantially as hereinbefore 
described, together with a pharmaceutically acceptable carrier, diluent or excipient therefor. 
In accordance with the invention suitable compositions can be for oral use, for injection, or 
the like, in accordance with accepted pharmaceutical procedures. Such pharmaceutical 
compositions comprise tolterodine as provided by the present invention substantially as 
hereinbefore described in association with compatible pharmaceutically acceptable carrier 
materials, or diluents, as is well known in the art. The carriers may be any inert material, 
organic or inorganic, suitable for enteral, percutaneous or parenteral administration such as: 
water, gelatin, gum arabicum, lactose, microcrystalline cellulose, starch, sodium starch 
glycolate, calcium hydrogen phosphate, magnesium stearate, talcum, colloidal silicon 
dioxide, and the like. Such compositions may also contain other pharmaceutically active 
agents, and conventional additives such as stabilizers, wetting agents, emulsifiers, flavouring 
agents, buffers, and the like. 
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The compositions according to the invention can e.g. be made up in solid or liquid form for 
oral administration, such as tablets, capsules, powders, syrups, elixirs and the like, in the form 
of sterile solutions, suspensions or emulsions for parenteral administration, and the like. 

There is also provided tolterodine as provided by the present invention substantially as 
hereinbefore described for use in therapy. The compounds and compositions according to the 
invention are useful for treating cholinergic disorders, in particular urinary incontinence. 

There is further provided by the present invention, therefore, a method of treating a condition 
prevented, ameliorated or eliminated by the administration of an anticholinergic agent, 
which method comprises administration to the patient a therapeutically effective amount of 
tolterodine as provided by the present invention substantially as hereinbefore described. In 
particular, such a method comprises treatment of urinary incontinence by administration of 
tolterodine as provided by the present invention substantially as hereinbefore described. 
There is also provided use of tolterodine as provided by the present invention in the 
manufacture of a medicament for the treatment of urinary incontinence. As is well known, 
the dosage depends on several factors, such as mode of administration, the age and weight of 
the patient, the severity of the condition to be treated, and the like. The daily dosage may, for 
example, be from about 0.05 mg to about 4 mg per kilo of body weight, administered in one 
or more doses, e.g. containing from about 0.05 to about 200 mg each. 

The present invention will now be further limited by the following Intermediates and 
Examples, which do not limit the scope of the invention in any way. 

Intermediates 

Intermediate 1 

Synthesis of 6-methvl-4-phenvl-cIu:oman-2-one 

Cinnamic acid (100 gms) and p-cresol (76.6 gms) were charged to a clean and dry flask under 
nitrogen and stirred. Concentrated sulphuric acid was slowly charged and the reaction 
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mixture heated to 125°C - 130°C for 6 hours. After completion of reaction the mixture was 
cooled to about 60°C and about 50 ml water and about 300 ml toluene were charged under 
stirring. The layers were separated. The toluene layer was washed with aqueous saturated 
solution of sodium bicarbonate and water. The organic layer was dried over sodium sulfate 
and concentrated under vacuum, at a temperature below 50°C. The residue was stripped with 
2 x 100 ml IP A. The residue was dissolved in 200 ml isopropanol, chilled to 5°C and stirred 
for 2 hours. The solids obtained were filtered and dried at about 60°C for 4 - 5 hours to give 
about 135 to 137 gms of the title product. 

Intermediate 2 

Synthesis of 2-f3-hvdroxv-5 -methyl phenvlVpropionic acid methyl ester 

Acetone (200 ml) and methanol (200 ml) were taken in a dry flask and 100 gms of 
Intermediate 1 were charged thereto under stirring. 71 gms of potassium carbonate and 66 ml 
dimethyl sulphate were charged thereto and the reaction mixture was heated to about 50°C to 
55°C for 24 hours. After completion of reaction the reaction mass was cooled to room 
temperature and the inorganics filtered. The clear filtrate was concentrated under vacuum to 
obtain an oily residue. The residue was dissolved in methylene chloride and the organic layer 
was washed with water. The organic layer was concentrated under vacuum to obtain the title 
compound as an oil ( 1 17 - 1 19 gms). 

Intermediate 3 

Synthesis of 3-f2-methoxv-5-methvl-r)henvlV3-T)henvl-propan-l-ol 

THF (200 ml) and 16 gms of sodium borohydride were charged to a clean dry flask under 
nitrogen. The mixture was cooled to about -10°C and 100 gms of Intermediate 2 dissolved in 
250 ml tetrahydrofuran was added slowly at a temperature in the range of 0°C to -10°C over 
2-3 hours. 72 ml of boron trifluoride etherate was charged slowly over 3 hours maintaining 
the temperature between 0°C to 5°C. After completion of addition, the temperature was 
slowly raised to between 25°C to 30 °C and the reaction mass stirred for 2 hours. After 
completion of reaction, the reaction mixture was cooled to about 5°C and 3 M hydrochloric 
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acid solution was added slowly to adjust the pH to between 1-3. The reaction mixture was 
filtered. The clear filtrate was concentrated under vacuum to give the title compound as an 
oil (95 gms). 

Intermediate 4 

Synthesis of Toluene-4-sulfonic acid-3-(2-methoxv-5-methvl-t)henvlV3-phenvl propyl ester 

MDC (200 ml) and Intermediate 3 (100 gms) were charged in a clean dry flask under 
nitrogen and stirred. 175 ml TEA was added and the reaction mixture cooled to about -5°C. 
A solution of 190 gms p-toluene sulfonyl chloride in 500 ml MDC was charged slowly over 2 
hours at -5°C to 0°C. The reaction mixture was stirred for 3 hours. After completion of 
reaction, 250 ml of water was charged below 10°C. The organic layer was separated and 
washed with 2 x 150 ml of 2N HC1 and finally with 3 x 200 ml of water. The organic layer 
was dried and concentrated under vacuum below 45°C to obtain an oil. The oil was dissolved 
in a mixture of 100 ml acetone and 600 ml n-hexane and slowly cooled to 5°C and stirred for 
2 hours. The solids were filtered and dried at 50°C under vacuum for 4 hours to obtain the 
title compound (135 - 138 gms). 

Intermediate 5 

Synthesis of [3-(2- methoxv -5-methyl-t)henvlV3-phenvl-propvn-diisopropvl amine 

A mixture of 100 gms of Intermediate 4 and 324 ml of diisopropyl amine in 200 ml of 
acetonitrile was charged in an autoclave and heated under pressure at 120°C to 125°C for 4 - 
5 hours. After completion of reaction, the reaction mixture was cooled to room temperature 
and concentrated under vacuum below 60°C to a residue. The residue was dissolved in 
diisopropyl ether. 60 ml of 2N NaOH was added and the layers separated. The organic layer 
was then extracted with 3N HC1. The aqueous layer was then basified with 4N NaOH and 
the product re-extracted into MDC. The organic layer was then dried and concentrated to 
obtain an oil (65 gms). 



Intermediate 6 

2-(3 -hydroxy- 1 -phenvl-propvlV4-me1hvl-phenol 



WO 2005/061432 



PCT/GB2004/005420 



14 

6-methyl-4-phenyl-chroman-2-one, 250 gms was stirred in 1.25 liters methanol at room 
temperature. Sodium borohydride 70 gms was added slowly, whilst maintaining the 
temperature at room temperature. The reaction mixture was stirred for 18 hours. After 
completion of reaction, the pH of the reaction mass was adjusted to pH 5 using acetic acid. 
The reaction mixture was concentrated under vacuum and 2 liters of water were added. The 
reaction mass was stirred for 30 minutes and the solids filtered. The solids were dried at 
55°C in a hot air oven for 20 hours. Weight 248 gms. 

Purification: 

Crude Intermediate I prepared as above was dissolved in 700 ml of toluene and heated to 
85°C - 87°C. The clear solution was gradually cooled to room temperature and stirred for 30 
minutes. The solids were filtered and washed with toluene. The solids were dried in a hot air 
oven at 55°C - 60°C. Yield : 222 gms. Mp ( 1 17 - 1 19°C) 

Intermediate 7 

3 -f 2-benzvloxv-5-methvl-phenvl V 3 -phenvl-propan- 1 -ol 

Intermediate 6 (75 gms) was dissolved in 750 ml acetone. Anhydrous potassium carbonate 
(170 gms) and potassium iodide (0.75 gms) were added. 60 ml of benzyl chloride was added 
slowly and the reaction mixture was refluxed for 42 hours. The reaction mass was cooled to 
room temperature and filtered. The acetone was concentrated under vacuum. N-hexane 300 
ml was added to the oil and stirred for one hour at 20°C. The product was filtered and the 
solids were dried at 50°C to 55°C in a hot air oven for 3 hours. Yield: 102 gms. ( mp 69 - 
71°C) 

Intermediate 8 

Toluene-4-sulfonic acid-3-r2-benzvloxv-5-methvl-phenvlV3-»phenvl propyl ester 

Intermediate 7 (50 gms) was dissolved in 300 ml of methylene chloride. Triethyl amine (45.6 
gms) was added. The reaction mixture was cooled to 5°C and 34.3 gms of p-toluene 
sulphonyl chloride dissolved in 140 ml methylene chloride was added slowly and the reaction 
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mixture stirred for 18 hours at room temperature. The reaction mixture was quenched with 
100 ml water. The organic layer was separated and washed with 75 ml 2N HC1. The organic 
layer was washed to neutral pH with 5% sodium bicarbonate solution. The methylene 
chloride layer was dried over sodium sulphate and concentrated under vacuum to get an oil. 
Yield: 73 gms. 

Intermediate 9 

f^-r2-benzv1oxv-5-methv1-plienvn-3- pbenvl-t>ropv11-(liisopropvl amine 

Intermediate 8 (50 gms) was dissolved in acetonitrile (150 ml). Diisopropyl amine (150 gms) 
was added and the reaction mass was heated in an autoclave at 100°C - 120°C for 4 hours. 
The mass was cooled to room temperature, concentrated under vacuum to remove acetonitrile 
and 200 ml toluene and 150 ml of water were added. The organic layer was separated, 
washed with water and concentrated to get oil. Yield: 38 gms 

Examples 
Example 1 

p-,7- bvdroxv -S-ir,ethvl-phenvl )-^-pnpnv1-nropvn-diisopropyl amine ( racemic tolterodine 
free base) 

Intermediate 5 (100 gms) and 107 gms of Pyridine HC1 were charged under nitrogen to a 2 
litre RB flask. The mixture was heated slowly over 2 hours to a temperature of about 210°C 
and maintained for 1.5 hours at that temperature. The reaction mixture was cooled to about 
120°C and 100 ml of dimethylformamide was added slowly. The reaction mixture was 
further cooled to about 70°C and quenched into 500 ml of ice water. The mixture was stirred 
for another 3 hours at about 5°C. The precipitated solids were filtered and washed with 
chilled water to obtain the title product as a hydrochloride salt. 

The crude salt was dissolved in water, basified with liquor ammonia and the racemic 
tolteridone base was extracted into n-hexane. The hexane layer was separated, dried and 
concentrated to a volume of about 200 ml. The clear solution was chilled to 0°C - 5°C and 
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stirred for 3 hours at 0°C to 5°C. The precipitated solids were filtered and dried below 40°C 
under vacuum to give the racemic base of tolterodine - 80 gms (HPLC: about 99% purity). 

Example 2 

Purification of [3zQ= hydroxy -5-meth v 1-r^^vn-3-nhenvl-propvn-diisopropyl amine 
(racemic tolterodine free base) 

The crude base (80 gms) obtained according to Example 1 was dissolved in 150 ml n-hexane 
at about 50°C. The clear solution was cooled to 0°C - 5°C for 3 hours and the precipitated 
solids were filtered and dried to give about 70 gms of pure racemic tolterodine base ( HPLC 
>99.8%). 

Example 3 

s (4-^.-rdi S opropyl^itin-1-pbenv l -p rn pvn-4-methv1 phenol tartrate ((+) tolterodine tartrate) 

Pure racemic tolterodine free base (70 gms) obtained according to Example 2 was dissolved 
in 400 ml alcohol. 45 gms of L(+)tartaric acid was added and the mixture was heated to 
about 50°C for 30 minutes and cooled to room temperature and stirred for 2 hours. The 
mixture was further cooled to 10°C and stirred for one hour. The precipitated solids were 
filtered and dried to give 75 gms of (+) tolterodine tartrate. 

Example 4 

sf+^.-rdisopropyl^ino-l-phen vl-r ro pvn^-methvl phenol tartrate ((+) tolterodine lartrate) 

Intermediate 9 (35 gms) was dissolved in 150 ml of methanol. 10%w/w palladium on carbon 
catalyst (3.5 gms) was added and the reaction mass was hydrogenated in an autoclave under 
50 psi pressure of hydrogen at 50°C for 3 hours. After completion of reaction, the catalyst 
was filtered and the clear filtrate was concentrated under vacuum to get an oil. The residue 
was dissolved in 100 ml n-hexane. The clear solution was chilled to 0°C and stirred for 3 
hours. The precipitated solids were filtered and dried at room temperature under vacuum to 
give racemic tolterodine base. The base was dissolved in 200 ml ethanol and 10 gms L(+) 
tartaric acid was added. The reaction mixture was refluxed for 2 hours and cooled to 25°C 
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and stirred for 2 hours. The product was filtered and dried under vacuum at 60°C to give 
(+)tolterodine tartrate. 

Example 5 

The dimeric impurity associated with tolterodine tartrate as provided by the present invention 
was measured by the following HPLC method and substantially as hereinbefore described a 
dimeric impurity level of less than about 0.1% was measured for tolterodine tartrate as 
prepared by the present invention. 

The analysis was carried out on a Shimadzu H 2010 A equipped with a u.v. detector at 215 
nm and Inertsil CI 8 column 25 cm X 4.6 mm with a particle size of 5 \xm maintained at 
25°C, using a gradient method as described in the table below with a mobile phase consisting 
of Solution A: Buffer 0.05 M KH 2 P0 4 , pH adjusted to 3.5 with O-phosphoric acid and 
Solution B : Acetonitrile. The flow rate was maintained at 1.0 ml/minute. 



Time 


Solution A 


Solution B 


0.01 


65 


35 


5.00 


65 


35 


5.01 


65 


35 


20.00 


50 


50 


20.01 


50 


50 


40.00 


30 


70 


40.01 


65 


35 


50.00 


65 


35 



Relative retention Times of Impurities 

Des-isopropyl tolterodine: 0.68 
Dimer2: 1.43 
Dimerl: 2.39 
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CLAIMS 

1 . Racemic tolterodine free base in crystalline form. 

2. Racemic tolterodine free base in crystalline form containing less than about 0.2% of 
dimeric impurity. 

3 Tolterodine according to claim 2, wherein the dimeric impurity comprises one or both 
of the following impurities: 

Dimer 1: 
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Dimer 2: 




Cn) 

wherein a solvent is present in the reaction mass obtained further to the deprotection and is 
selected so that a substantially mobile reaction mass is achieved at temperatures in the range 
of 70 to 100°C. 



5. A process according to claim 4, wherein said deprotection employs pyridine 
hydrochloride. 
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6. A process according to claim 5, wherein said deprotection is carried out under an inert 
atmosphere at a temperature in the range of 200 to 220°C. 

7. A process according to claim 6, wherein further to said deprotection said reaction 
mass is cooled to a temperature in the range of 110 to 130°C and said solvent is added 
thereto. 

8. A process according to any of claims 4 to 7, wherein said solvent is 
dimethylformamide. 

9. A process according to any of claims 4 to 8, wherein the resulting crude 
hydrochloride salt of racemic tolterodine is basified and the resulting racemic tolterodine free 
base extracted and precipitated to provide crystalline racemic tolterodine free base. 

10. A process according to any of claims 4 to 9, which further comprises a purification 
step to obtain racemic tolterodine free base in crystalline form containing less than about 
0.2% of dimeric impurity. 

11. A process according to any of claims 4 to 10, which farther comprises resolving the 
thus obtained racemic tolterodine free base to obtain (+)tolterodine tartrate containing less 
than about 0.1% of dimeric impurity. 

12. A process according to claim 10 or 11, wherein said dimeric impurity comprises one 
or both of the following impurities: 
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Dimer 1: 




13. Racemic tolterodine free base in crystalline form prepared by a process according to 
any of claims 4 to 10. 

14. (+)Tolterodine tartrate prepared by a process according to claim 1 1 . 

15. A process of preparing racemic tolterodine free base in crystalline form, which 
process comprises deprotection of a benzyl protected intermediate of formula (HI) 
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v 



(EI) 



where Ra represents unsubstituted benzyl, or a substituted benzyl protecting group. 

16. A process according to claim 15, which further comprise resolving the thus obtained 
racemic tolterodine free base to obtain (+)tolterodine tartrate containing less than about 0.1% 
of dimeric impurity. 

17. A process according to claim 15 or 16, wherein R a represents unsubstituted benzyl. 



18. A process according to any of claims 15 to 17, wherein an intermediate compound of 
formula (III) is prepared by reaction of diisopropylamine with an intermediate compound of 
formula (IV) 
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(IV) 



where R a is as defined in claim 15 and X represents a leaving group. 

19. A process according to claim 1 8, wherein X represents arylsulphonyloxy. 

20. A process according to claim 19, wherein X represents tosylate. 

21. A process according to any of claims 1 8 to 20, wherein an intermediate compound of 
formula (IV) is prepared from an intermediate compound of formula (V) 




where R a is as defined in claim 15. 
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22. A process according to claim 21, wherein a compound of formula (V) is prepared by 
protection of an intermediate compound of formula (VI) 




(VI) 



by introduction of group R a> where R a is as defined in claim 15. 

23. A process according to claim 22, wherein a compound of formula (VI) is prepared 
from 6-methyl-4-phenyl-chroman-2-one. 

24. Racemic tolterodine free base in crystalline form prepared by a process according to 
any of claims 15 or 17 to 23. 

25. (+)Tolterodine tartrate prepared by a process according to claim 16. 

26. An intermediate compound of formula (V) 
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(V) 



where Ra represents unsubstituted benzyl, or a substituted benzyl protecting group. 

27. An intermediate of formula (V) according to claim 26, wherein R a represents 
unsubstituted benzyl. 

28. An intermediate compound of formula (VI) 




(VI) 



29. A pharmaceutical composition comprising tolterodine according to any of claims 1 to 
3, 13, 14, 24 or 25, together with a pharmaceutical^ acceptable carrier, diluent or excipient 
therefor. 



30. 



Tolterodine according to any of claims 1 to 3, 13, 14, 24 or 25, for use in therapy. 



WO 2005/061432 



PCT/GB2004/005420 



26 



31. A method of treating a condition prevented, ameliorated or eliminated by the 
administration of an anti-cholinergic agent, which method comprises administration to the 
patient a therapeutically effective amount of tolterodine according to any of claims 1 to 3, 13, 
14, 24 or 25. 

32. A method according to claim 3 1 , for the treatment of urinary incontinence. 

33. Use of tolterodine according to any of claims 1 to 3, 13, 14, 24 or 25, in the 
manufacture of a medicament for the treatment of urinary incontinence. 
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